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ObjectivesObjectives
•• InspireInspire you to develop/enhance your you to develop/enhance your 

science communication skillsscience communication skills

•• ProvideProvide some overarching science some overarching science 
communication principlescommunication principles

•• IllustrateIllustrate an effective science an effective science 
communication program with an communication program with an 
environmental assessment case studyenvironmental assessment case study

•• IntroduceIntroduce you to conceptual diagram you to conceptual diagram 
resources  resources  
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Paradigm shifts occur when scientific discoveryParadigm shifts occur when scientific discovery 
is effectively communicated to societyis effectively communicated to society
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National Park Service has a National Park Service has a 
unique teaching opportunityunique teaching opportunity

•• Receptive audience (preReceptive audience (pre--selected)selected)

•• Superb natural setting (illustrate key Superb natural setting (illustrate key 
messages)messages)

•• Motivational experiences possible (transform Motivational experiences possible (transform 
uninterested to interested to informed to uninterested to interested to informed to 
empowered)empowered)

•• Credibility (National Park Service is NOT an Credibility (National Park Service is NOT an 
NGO chasing $, NOT an agency with NGO chasing $, NOT an agency with 
regulatory or development mandates, NOT regulatory or development mandates, NOT 
corporation chasing ‘green’ creditcorporation chasing ‘green’ credit
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Good science communication canGood science communication can
make you a better scientistmake you a better scientist

CompletenessCompleteness
Envisioning the ‘story’ can lead to Envisioning the ‘story’ can lead to 
comprehensive research programcomprehensive research program

ContextContext
Identifying the linkages and developing Identifying the linkages and developing 
comparisons can provide important insightscomparisons can provide important insights

VisualizationsVisualizations
Combining visual elements can lead to new Combining visual elements can lead to new 
insightsinsights

SynthesisSynthesis
Combining and comparing different dataCombining and comparing different data
sets or approaches can lead to insightssets or approaches can lead to insights
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National Park Service has a need for National Park Service has a need for 
effective science communicationeffective science communication

•• Public/environment interface Public/environment interface 
(broad audience)(broad audience)

•• Diverse parks with diverse Diverse parks with diverse 
issuesissues

•• Public expectations of  Public expectations of  
information & ‘entertainment’ information & ‘entertainment’ 

•• Iconic and unusual natural Iconic and unusual natural 
features that require features that require 
explanationexplanation
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There are differences betweenThere are differences between
science writingscience writing &  &  science communicationscience communication

•• Getting it rightGetting it right
•• Providing scientificProviding scientific

context (references)context (references)

•• Getting it doneGetting it done
•• Providing societalProviding societal

context (examples)context (examples)
•• Text > graphicsText > graphics •• Text ≈ graphicsText ≈ graphics
•• Peer audiencePeer audience •• Broader audienceBroader audience
•• Mostly black and whiteMostly black and white •• Full colorFull color
•• Authorship exclusiveAuthorship exclusive •• Authorship inclusiveAuthorship inclusive
•• Focus on resultsFocus on results

and interpretation
•• Focus on conclusionsFocus on conclusions

and recommendationsand interpretation and recommendations
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The ‘The ‘zenzen’  of’  of
science communicationscience communication

•• EnthusiasmEnthusiasm counts: get excitedcounts: get excited

•• Give yourself adequateGive yourself adequate quality timequality time

•• Feedback & revisionFeedback & revision essential: seek it out essential: seek it out 
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The art of science communicationThe art of science communication
•• Conceptual diagrams:Conceptual diagrams: context and synthesiscontext and synthesis

•• Maps:Maps: geographic context and informationgeographic context and information--richrich

•• Photos:Photos: describe methods, study site describe methods, study site 
description, processes and relevancedescription, processes and relevance

•• Video clips:Video clips: capture system dynamicscapture system dynamics

•• Tables and figures:Tables and figures: scientific datascientific data
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National Park Service can access National Park Service can access 
abundant visual elementsabundant visual elements

•• High quality photos High quality photos 
•• Maps & various GIS products Maps & various GIS products 

availableavailable
•• Text can be augmented with Text can be augmented with 

quotes (historical, poetic, etc.)quotes (historical, poetic, etc.)
•• Data generally availableData generally available
•• Conceptual diagrams have been Conceptual diagrams have been 

initiated for National Capital Region initiated for National Capital Region 
ParksParks
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National Park Service National Park Service -- consider consider 
creating/enhancing digital creating/enhancing digital 

libraries libraries 
•• Image libraryImage library
•• Map libraryMap library
•• Quote libraryQuote library
•• Symbol librarySymbol library
•• Libraries could be on a distributed network Libraries could be on a distributed network 

with web access; searchable data basewith web access; searchable data base
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Principles of science communicationPrinciples of science communication
1.1. Provide synthesis, visualization & contextProvide synthesis, visualization & context
2.2. Relate to audience Relate to audience –– big picture to local relevancebig picture to local relevance
3.3. Simplify terms but not contentSimplify terms but not content

(don't (don't dumb it downdumb it down, do , do raise the barraise the bar))
4.4. Assemble selfAssemble self--contained visual elements contained visual elements 
5.5. ConsistentConsistent stylestyle andand formatformat
6.6. Lose the jargon, dudeLose the jargon, dude
7.7. Define all terms, e.g. SE = Standard Error Define all terms, e.g. SE = Standard Error 
8.8. Minimize AU (Acronym Use)Minimize AU (Acronym Use)
9.9. Engage audience: prepare for and invite questionsEngage audience: prepare for and invite questions
10.10. Use Use ccoolloor, butr, but use it judiciously use it judiciously 
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Synthesis, visualization & context are Synthesis, visualization & context are 
key elements of science communicationkey elements of science communication

VisualizationVisualization ContextContextSynthesisSynthesis

Provide analyzed,Provide analyzed,
interpretedinterpreted
& synthesized& synthesized
data

Show them: who, Show them: who, 
what, where, what, where, 
when, how & so when, how & so 
that you can tell that you can tell 
them why

Provide Provide 
answers for: answers for: 
“Why should I “Why should I 
care?” & “So care?” & “So 
what?”

data
them why what?”
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Good science communication requires attention Good science communication requires attention 
to both the science and the presentationto both the science and the presentation

““What you've got here, What you've got here, 
really, are two realities, one really, are two realities, one 
of immediate artistic of immediate artistic 
appearance and one of appearance and one of 
underlying scientific underlying scientific 
explanation, and they don't explanation, and they don't 
match and they don't fit and match and they don't fit and 
they don't really have much they don't really have much 
of anything to do with one of anything to do with one 
another. That's quite a another. That's quite a 
situation. You situation. You 
might say there'smight say there's
a little problem a little problem 
here.”here.”

Robert Robert PirsigPirsig, , 
19741974
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Principles of Analytical Principles of Analytical 
Design; E. Design; E. TufteTufte

•• ““Don’t get it original, get it right” Don’t get it original, get it right” 
•• Integrate word, image, numbersIntegrate word, image, numbers
•• Include documentation (data sources)Include documentation (data sources)
•• ContentContent--driven; presentation enables thinkingdriven; presentation enables thinking
•• Put important comparisons adjacent in spacePut important comparisons adjacent in space
•• Use small multiples (maximize content variation; Use small multiples (maximize content variation; 

minimize style variation)minimize style variation)
•• Audiences are precious (know your content; Audiences are precious (know your content; 

respect your audience)respect your audience)
•• Use humor, memorable hyperboleUse humor, memorable hyperbole
•• Preparation:Preparation: Practice, practice, practice; develop Practice, practice, practice; develop 

better contentbetter content
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Good science communication is no JOKEGood science communication is no JOKE
JOKE = JOKE = JJargonargon--filled,filled, OObtuse languagebtuse language thatthat KKeeps audienceeeps audience EEntirely ignorantntirely ignorant

Science communication that relies extensively on Science communication that relies extensively on JOKEsJOKEs is a is a 
selfself--indulgent representation of simple ideas, obfuscated indulgent representation of simple ideas, obfuscated 
with with technospeaktechnospeak to make the scientist appear astute, yet to make the scientist appear astute, yet 
serves to be obtuse and belittles the audience. serves to be obtuse and belittles the audience. 

Design layout approach; contentDesign layout approach; content--rich, communicationrich, communication--basedbased
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Topical humor can be effectiveTopical humor can be effective
““Cultivation grazing” by Cultivation grazing” by 

dugongs structures dugongs structures 
seagrass communities

Seagrasses ‘reinvaded’ theSeagrasses ‘reinvaded’ the
sea from terrestrial ancestors seagrass communitiessea from terrestrial ancestors Walt Boynton's caricatureWalt Boynton's caricature

AcknowledgementsAcknowledgements
Thanks to all the people in Thanks to all the people in 
the Chesapeake Bay the Chesapeake Bay 
watershed who contributed watershed who contributed 
their nutrients to this study.their nutrients to this study.
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Effective communication is twoEffective communication is two--wayway
How do you elicit twoHow do you elicit two--way communication?way communication?
•• Provide feedback opportunitiesProvide feedback opportunities: complete the presentation within : complete the presentation within 

allotted time (or even shorter); have evaluation sections on sciallotted time (or even shorter); have evaluation sections on science ence 
communication productscommunication products

•• SolicitSolicit: At the end of your talk offer to answer questions; ask for : At the end of your talk offer to answer questions; ask for 
evaluation of science communication productsevaluation of science communication products

How do you prepare for questions?How do you prepare for questions?
•• Anticipate:Anticipate: think about what questions you would ask; use practice think about what questions you would ask; use practice 

sessions to solicit and answer questions; develop FAQ (Frequentlsessions to solicit and answer questions; develop FAQ (Frequently y 
Asked Questions) sectionAsked Questions) section

•• PreparePrepare: have extra material which can be used in the event of : have extra material which can be used in the event of 
questions questions 

•• Don’t be afraidDon’t be afraid: it is legitimate to say a) “I don’t know”; b) what you do : it is legitimate to say a) “I don’t know”; b) what you do 
know that is relevant to the question know that is relevant to the question 
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Monitoring program case Monitoring program case 
study: Moreton Bay, East study: Moreton Bay, East 
coast Australiacoast Australia

27 S27 S00
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What is “ecosystem health”?What is “ecosystem health”?
–– Key processes operate to maintain stable & sustainable ecosystemKey processes operate to maintain stable & sustainable ecosystemss
–– Zones of human impacts do not expandZones of human impacts do not expand
–– Critical habitats remain intactCritical habitats remain intact

Healthy ecosystemHealthy ecosystem

Unhealthy ecosystemUnhealthy ecosystem
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Ecosystem health indicators: Moreton BayEcosystem health indicators: Moreton Bay
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Management Management 
objective

EcosystemEcosystem
healthhealth

indicatorindicator
Reference Reference 

valueobjective value

•• Clear water Clear water TurbidityTurbidity Secchi < 1.7 mSecchi < 1.7 m

•• Maintain seagrass Maintain seagrass Seagrass areaSeagrass area Historical Historical 
habitathabitat distributiondistribution

•• Reduce sewage Reduce sewage Sewage plumeSewage plume δδ1515N < 4 ppt.N < 4 ppt.
inputsinputs mappingmapping

•• Reduce nutrientsReduce nutrients Total phosphorusTotal phosphorus <1.6 <1.6 µµMM
•• Reduce Reduce Chlorophyll aChlorophyll a <1.0 <1.0 µµg/Lg/L

phytoplanktonphytoplankton
•• Reduce harmful Reduce harmful Extent of Extent of LyngbyaLyngbya HistoricalHistorical

algal bloomalgal bloom bloombloom distributiondistribution
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Some ecosystem health indicators Some ecosystem health indicators 
monitored monthlymonitored monthly

Total phosphorus        Chlorophyll a              Secchi depthTotal phosphorus        Chlorophyll a              Secchi depth
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Seagrass and Seagrass and Lyngbya Lyngbya bloomsblooms mapped using mapped using 
remote sensing and field observationsremote sensing and field observations

Deception Bay

Eastern Banks

Extent of Extent of LyngbyaLyngbya bloom           bloom           LandsatLandsat TM           Seagrass TM           Seagrass 
distributiondistribution
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Maps of Maps of 
reference reference 
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Maps of Maps of 
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AreaArea--weighted averaging generates maps of weighted averaging generates maps of 
ecosystem health index ecosystem health index 
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--2 Standard2 Standard
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Reporting regions based on Reporting regions based on 
water depth and residence timewater depth and residence time

Residence timeResidence time
(30 & 60 days)(30 & 60 days)

Water depthWater depth
(5 m)(5 m)
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Ecosystem health values converted into Ecosystem health values converted into 
report card values (A report card values (A –– F)F)
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Well informed community taking Well informed community taking 
appropriate measuresappropriate measures
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Ecosystem health improvements Ecosystem health improvements 
evidentevident
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Effective communication Effective communication 
central to successcentral to success

Continual release of communication productsContinual release of communication products
–– Keeps stakeholders and community aware of Keeps stakeholders and community aware of 

developmentsdevelopments
–– Increases knowledge of community & stakeholdersIncreases knowledge of community & stakeholders
–– Keep profile of program raisedKeep profile of program raised
–– Instigates action (report card)Instigates action (report card)

NewslettersReports Website Monthly data report Report Card
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Conceptual diagramsConceptual diagrams
Goal: Scientists able to create and edit conceptual diagrams, 
improving their science communication skills

Rationale:
• Conceptual diagrams have proven useful for science integration and 

application

• Technological advances have made it possible to ‘click & drag’ using             
symbol libraries (you don’t need to be an artist)

"Make everything as simple as possible, but not "Make everything as simple as possible, but not 
simpler."  A. Einsteinsimpler."  A. Einstein
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What is a conceptual diagram?What is a conceptual diagram?
•• ““Concept” from Latin Concept” from Latin conceptusconceptus (meaning thought); something (meaning thought); something 

conceived in the mind (Webster’s 3conceived in the mind (Webster’s 3rdrd Dictionary, 1986)Dictionary, 1986)
•• “Diagram” from Greek “Diagram” from Greek diagrammadiagramma (meaning to mark out by (meaning to mark out by 

lines); a graphic design that explains rather than represents, alines); a graphic design that explains rather than represents, a
drawing that shows arrangement and relations (Webster’s 3drawing that shows arrangement and relations (Webster’s 3rdrd

Dictionary, 1986)Dictionary, 1986)
•• “Model” from Latin “Model” from Latin modulus modulus (meaning small measure); an (meaning small measure); an 

abstract representation of a system or process (Turner, abstract representation of a system or process (Turner, 
Gardner & O’Neill, 2001)Gardner & O’Neill, 2001)

•• Conceptual diagramConceptual diagram = A diagram = A diagram 
using symbols that depicts the using symbols that depicts the 
essential attributes of a systemessential attributes of a system
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Conceptual diagrams provide an interfaceConceptual diagrams provide an interface

Science CommunityConceptual
Diagram

Priorities &
environmental
values

Current 
understanding

Credibility & 
support

Shared   vision Commitment &
resources
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Good conceptual diagrams are used Good conceptual diagrams are used 
extensivelyextensively

Z scheme of photosynthesis

Plate tectonics
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Darwin used conceptual Darwin used conceptual 
diagrams to explain his theory diagrams to explain his theory 

of coral reef formationof coral reef formation
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Conceptual diagrams use symbols: Conceptual diagrams use symbols: 
an ancient technique to depict an ancient technique to depict 

unequivocal messagesunequivocal messages

Darwin’s conceptual diagram

Cave drawing (Australian 
aborigines)
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Symbols (icons) are a key element of Symbols (icons) are a key element of 
conceptual diagramsconceptual diagrams

• Symbol: from Greek symbolon (token of identity) and Latin symbolum (token,    
sign) 

• Icon: from Greek eikon (to resemble) = pictorial representation
• Symbol: A sign that signifies by virtue of sharing a property with what it 

represents 
–a. something that stands for or suggests something else
–b. a visible thing that stands for something invisible or intangible

• Symbols used in mathematics (e.g., π), chemistry (e.g., 210Pb), music
(e.g.,      ) weather (e.g.,       ), religion (e.g.,      ), corporations 
(e.g.,        ), and organizations (e.g.,       ) 

• Symbols can be universal; language independent
• Symbols are scalable; size of symbol can represent relative importance--

vs.
• Symbols can be information-rich; size, shape, color 

and position of symbols can convey information 
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Symbols are an important Symbols are an important 
feature of everyday lifefeature of everyday life

Shape, color and images used for traffic signs
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In conceptual diagrams, as in maps, In conceptual diagrams, as in maps, 
symbols need to be explained in a legendsymbols need to be explained in a legend

Map legend:

Conceptual diagram legend:
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Developing a global symbol languageDeveloping a global symbol language

~6000 people from 149~6000 people from 149
countries (     ) registered countries (     ) registered 

1000+ symbols1000+ symbols
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Conceptual diagrams can be Conceptual diagrams can be 
incorporated into various productsincorporated into various products

Posters

Books
Newsletters

Journal 
publications
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Conclusion:Conclusion:
replaced "motorcycle maintenance" with "science communication"replaced "motorcycle maintenance" with "science communication"

““Not everyone understands what a completely Not everyone understands what a completely 

rational process this is, this science communication. rational process this is, this science communication. 

They think it's some kind of a "knack" or some kind They think it's some kind of a "knack" or some kind 

of "affinity for machines" in operation. They are of "affinity for machines" in operation. They are 

right, but the knack is almost purely a process of right, but the knack is almost purely a process of 

reason… Science functions entirely in accordance reason… Science functions entirely in accordance 

with the laws of reason, and a study of the art of with the laws of reason, and a study of the art of 

science communication is really a miniature study of science communication is really a miniature study of 

the art of rationality itself.”the art of rationality itself.”

Robert Robert PirsigPirsig, 1974, 1974
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RecommendationsRecommendations

•• CapitalizeCapitalize on National Park Service on National Park Service 
unique teaching opportunitiesunique teaching opportunities

•• Develop and enhanceDevelop and enhance science science 
communication skillscommunication skills

•• Create or enhanceCreate or enhance collection of visual collection of visual 
elements (digital libraries)elements (digital libraries)

•• LinkLink science communication to science communication to 
environmental assessments at parksenvironmental assessments at parks
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Science communication resourcesScience communication resources
www.ian.umces.eduwww.ian.umces.edu

PowerpointsPowerpoints NewsletterNewsletter

On line tutorial                              On line tutorial                              
Handbook  Handbook  

Demonstration                                    Hands on Demonstration                                    Hands on 
Video                                                  coursesVideo                                                  courses
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